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Abstract

Prehistoric and Archaeological research has pointed out the role of marine resources
in modern humans’ cognitive and cultural developments. Maritime adaptations con-
stitute a key component of the sociocultural evolution in Eastern Arabia. During the
Neolithic (c. 6500-3300 BCE), it is expressed by the colonisation of offshore islands
supported by advanced seafaring and the exploitation of marine resources not only
for staple food but also for obtaining hard animal materials used for both symbolic
and technological productions, respectively in the form of personal adornments and
tooling. Although tools made of retouched large marine mollusc shells are reported
on several sites, no detailed study has been conducted on their function and role
within the socio-technological processes.

The present study introduces a prospective approach for the functional analysis of
archaeological shell tools from Eastern Arabia. A reference collection of use-wear
traces made experimentally has been built: it compiles the results of 65 experiments
(23 are documented and illustrated in the present study), including the process-
ing of various animal, vegetal, and mineral materials. Use-wear traces have been
observed and described using both low and high-power magnifications (conducted
mainly at 100 x). It provides helpful methodological support for future comparisons
with archaeological specimens. The procurement conditions of the shell valves and
the techniques of retouch have been discussed in detail, allowing further considera-
tions on the degree of the socio-technological investment devoted to these peculiar
artefacts.
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Introduction
General

The coastal ecosystems constitute major reservoirs of biomass and biodiversity
that humans exploited quite early on. First evidence of consumption of seafood
(marine molluscs and fish) has been documented by c. 165 ka at Pinnacle Point
and c. 75 ka at Blombos Cave in South Africa for anatomically modern human
populations (e.g. Henshilwood & Sealy, 1997; Marean et al., 2007), and by
150-65 ka in the Iberian Peninsula (e.g., at El Bajondillo, Andalusia) for Nean-
derthals (Cortés Sanchez et al., 2011). Meanwhile, shell industries took a promi-
nent place within studies discussing human cognitive and behavioural develop-
ments (e.g. Erlandson, 2001; Parkington, 2001; Toth & Schick, 1993; Will et al.,
2019): first and foremost, shell adornments which are related to the earliest mani-
festations of symbolism and aesthetic (c. 135-75 ka in Africa, Levant, and south-
ern Spain) (e.g. D’Errico et al., 2009; Hoffmann et al., 2018), and shell tools
whose ancient use has been reported not only for modern humans but also for
Homo erectus (c. 540-430 kya at Trinil, Java Island, Indonesia) (Joordens et al.,
2015) and Homo neanderthalensis (during the MIS 5-3 in the Mediterranean)
(e.g. Cristiani et al., 2005; Douka & Spinapolice, 2012; Romagnoli et al., 2015,
2016).

Shell tools receive a growing interest during the second half of the twenti-
eth century, firstly in regions where ethnographic information took a great place
within the archaeological research: in the Americas (e.g. Emperaire, 1958; Sudrez
Diez, 1974; Johnson, 1978; Dacal Moure, 1978; Armstrong, 1979; Dacal Moure
& Rivero de la Calle, 1984; Gusinde, 1986; Suarez Diez, 1989; Prous, 1990;
Marquardt, 1992), in Australia (e.g. Akerman, 1975; Akerman & Bindon, 1984),
and in the Pacific (e.g. Leroi-Gourhan, 1945; Rosendahl, 1969; Craib, 1977,
Spennemann, 1993)—including in the form of shell fishhooks (e.g. Allen, 1996;
Bowdler, 1976; Davidson, 1967; Emory et al., 1959; Lampert & Turnbull, 1970;
Sinoto, 1962; Skinner, 1942). Ethnographic sources have highlighted the universal
use of shell tools by pre-industrial coastal societies (Cuenca Solana & Clemente
Conte, 2017; Cuenca Solana et al., 2011). In these regions, studies have consisted
essentially of typo-functional classifications based on morphological analyses of
the shell tools.

In parallel, new approaches have been developed during the 1980s—1990s,
especially in France, driven by technical system studies. Here, we have to men-
tion the works of Vigié and Courtin (e.g. Courtin & Vigié, 1987; Vigié, 1987,
1992; Vigié & Courtin, 1986) on the ‘denticulated shells’ from Mesolithic and
Neolithic assemblages of southern France, which were based on the observa-
tion of the modified areas of the valves at low magnification (below 100 X) using
stereomicroscopy. Barton and White (1993) from the University of Sydney had
a similar approach for studying shell tools recovered from Papua New Guinea in
the early 1990s. Low magnifications, however, did not allow to identify the mate-
rials that have been processed. The use-wear analysis methodology using higher
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magnifications by scanning electron microscopy (SEM) has been performed in
the late 1990s by Gruet et al. (1999) on Neolithic shells from Atlantic France.
This functional analysis is based on the macro- and the microscopic observation
of use-wear traces produced on the active area of the tool—a methodology initi-
ated by Semenov (1964) for the study of lithic tools. It has developed mainly
during the 1970s with the works of Tringham and his students (e.g. Keeley, 1974;
Odell, 1977; Tringham et al., 1974). During the last decades, use-wear studies
have been extended to tooling made of other materials, particularly bone (e.g.
Bradfield, 2015; Maigrot, 2003; Peltier & Plisson, 1986) and mollusc shells.

The use-wear analysis methodology was more systematically applied for the study
of shell tools during the last 20 years: in the Caribbean (Lammers Keijsers, 2008),
in Oceania (e.g. Szabé & Koppel, 2015; Weston et al., 2017), and in Europe with
the support of increased exploitation of experimental data—comparisons of use-
wear traces produced experimentally with archaeological specimens are facilitating
the identification of the material processed (Cuenca Solana et al., 2010; Gutiérrez
Zugasti et al., 2011). It includes the recent works of Cristiani and Romagnoli on
shell scrapers from Neanderthal-associated contexts in Italy and Greece (Cristiani
et al., 2005; Romagnoli et al., 2017); of Manca (2013, 2016) on shell tools from
Neolithic-Chalcolithic Sardinia (Italy); and the contribution of Cuenca Solana and
other scholars on assemblages from the Upper Palaeolithic to the Neolithic in the
Iberian Peninsula and Atlantic France (e.g. Cuenca Solana, 2013; Cuenca Solana &
Clemente Conte, 2017; Cuenca Solana et al., 2010, 2011, 2013a, 2013b, 2014, 2015,
2021; Dupont & Cuenca Solana, 2014; Gutiérrez Zugasti et al., 2011; Tumung et al.,
2015).

Archaeological Setting

Although the human presence in the Arabian Peninsula remains little documented
during the Pleistocene—restricted to a few areas (e.g. Armitage et al., 2011; Bretzke
et al., 2022; Petraglia et al., 2012)—archaeological evidence dating from the Neo-
lithic (c. 6500-3300 BCE) are significantly more numerous. Arid and semi-arid
conditions occurring in the Arabo-Saharan belt have bound, quite early on, the past
human groups to migrate towards coastal areas that could have constituted important
ecological refuges by providing abundant faunal and vegetal resources (Rose, 2010).
These coastal refuges have been recently conceptualised as a ‘Southern Crescent’
by Rose (2022). Indeed, coastal Arabia hosts a diversified range of marine ecosys-
tems, including mangroves, seagrass meadows, and coral reefs that are recognised
as major tropical marine ‘biodiversity hotspots’ (Harold et al., 2010; Sheppard et al.,
1992) (Fig. 1). These ecosystems have supported the development of mixed econo-
mies based mainly on pastoralism and the exploitation of marine resources. Rain-
fall has never been sufficient in the region to support the development of rain-fed
agriculture—oasis agriculture has developed from the Bronze Age onwards using
original irrigation systems. In that respect, the exploitation of marine resources
took on greater importance and has greatly developed in this region throughout the
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Fig. 1 Map of Eastern Arabia showing the location of the site where valve tools have been documented
so far and the other sites mentioned in the present paper (CAD with Adobe Illustrator)

Holocene, showing a high degree of sophistication that has been rarely reached in
South-West Asia (Beech, 2004; Lidour, 2018, 2023).

Shell adornments take a prominent place in the discussion regarding the material
cultures and identities of Late Prehistoric Arabia,! mainly because they abound in
the form of grave goods. Conversely, tools made of marine shells are less attested.
Charpentier et al. (2004) have highlighted the presence of shell tools from sev-
eral coastal sites dating from the Neolithic to the Late Bronze Age (c. 1600-1300
BCE)—or the Early Iron Age (from c. 1300 BCE onwards) (Fig. 2). They corre-
spond to large valves showing scalariform retouches on their ventral margin. At that
time, most of these shell tools were reported in the areas of Suwayh and Ruways,
in the Sultanate of Oman. Their use has been suggested for a variety of purposes:

! In this article, the definition of the Arabian ‘Late Prehistory’ has been adapted from Magee (2014) by
including the Neolithic, the Bronze Age, and the Iron Age.
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Fig.2 Examples of archaeological shell tools from Eastern Arabia. 1 Left valve of Callista umbonella
(Lamarck, 1818) from MR11 Area C (DCT Abu Dhabi). 2 Left valve of Callista erycina (Linnaeus,
1758) from UAQ2 (DTA Umm al-Quwain & French Archaeological Mission in the UAE). 3 Left valve
of Meretrix sp. from SWY2 (illustration by G. Devilder) (Charpentier et al., 2004: fig. 4n°1). 4 Left valve
of Asaphis violascens (Forsskal, 1775) from UAQ2 (DTA Umm al-Quwain & French Archaeological
Mission in the UAE). Scale: 2 cm

for butchering activities, including fish scaling, the processing of animal skins and
woodworking. However, up to now, none of these uses has been evidenced by a
functional analysis.

During the last 20 years, further specimens have been found including, for the
Neolithic, at Umm al-Quwain UAQ2 (Emirate of Umm al-Quwain, UAE?) (Méry,
2015: fig. 2.E), at Marawah MR11 (Emirate of Abu Dhabi, UAE) (Beech et al., 2022:
fig. 8 n°3), on Ghagha Island (Emirate of Abu Dhabi, UAE) (N. Hamad Al Hameli
pers. com.), at Ra’s al-Hamra RH6 (Sultanate of Oman) (Marcucci et al., 2014: 242,
Fig. 5; Marcucci et al., 2021: 114, fig. 6.13), and Ruways RWY1 (Berger et al., 2020:
9). Several specimens have also been identified from Late Bronze Age contexts from
Masafi 5 in the Emirate of Fujairah, UAE (Lidour et al., 2023) (Fig. 1).

The present paper aims to provide detailed documentation devoted to the func-
tional analysis of archaeological shell tools—firstly from Eastern Arabia, but there
is little doubt that it will reach a wider audience of archaeologists working in other
study areas. Descriptions and illustrations of use-wear traces are based on a compar-
ative reference collection of shell tools specially produced and used experimentally
for this research.

Material and Methods

The experiments and, consequently, the use of a reference collection have become
an important component of the functional analysis method over the last decades.
They allow a better understanding of the formation of archaeological use-wear

2 UAE stands for United Arab Emirates
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traces and their description and to understand aspects such as the management of
this raw material or the manufacturing processes related through retouching these
tools. The latter are intended for a more accurate interpretation of archaeological
use-wear traces.

Moss and Newcomer (1982) have listed the main parameters that would be con-
sidered preferentially during the experiments. It includes (1) The raw material of the
tool; (2) the manufacturing technique; (3) the morphology of the working edge; (4)
the nature of the material worked; (5) the gestures or motion during the use; (6) the
duration of the experiment. On this basis, the different steps of the construction of
our reference collection can be listed as follows: Phase 1. The procurement of the
shell valves; Phase 2. The production of an efficient working edge; Phase 3. The
experiments; Phase 4. The use-wear and residue analyses.

Phase 1. The Procurement of the Shell Valves

We have chosen to use the same taxa for composing the reference collection as those
of archaeological shell tools retrieved from the study area (Fig. 3). Indeed, Szabd
(2008) has shown that each mollusc species provides a shell of distinct mineral
compositions and microstructural properties, behaving almost as a unique raw mate-
rial both when knapped and when used. They are responsible for distinct use-wear
developments (Cuenca Solana et al., 2010: 215). The species used for the production
of shell tools in Eastern Arabia are large bivalves that principally consist of Cal-
lista erycina (Linnaeus, 1758) and Callista umbonella (Lamarck, 1818) (formerly
reported as Amiantis umbonella (Lamarck, 1818) by archaeologists working in the
region). Lesser quantities of Asaphis violascens (Forsskal, 1775) and Meretrix sp.
are also reported being used (Charpentier et al., 2004).

Marine shells can be collected either fresh or washed up on the shore (i.e. beach
thanatocoenosis). The availability of fresh marine molluscs would greatly depend on

Fig.3 Modern specimens of shell valves used for the reference collection. 1 Left valve of Callista
umbonella (Lamarck, 1818). 2 Left valve of Callista erycina (Linnaeus, 1758). 3 Left valve of Meretrix
lyrata (G. B. Sowerby 11, 1851). 4 Left valve of Asaphis violascens (Forsskal, 1775). Scale: 2 cm
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the location of their habitat, which can be more or less distant and accessible from
the coastline.

C. umbonella, A. violascens, and Meretrix sp. are available in the intertidal sub-
strates (Bernard et al., 1993; Bosch et al., 1995: 259, 269). Therefore, their exploita-
tion should not have caused difficulties for Prehistoric fishers living on the coast.
Large quantities of C. umbonella have been exploited for food at Neolithic coastal
sites located in the Sultanate of Oman, such as at Ra’s al-Khabbah KHB1, Suwayh
SWY1 and SWY11, and Ruways RWY1 (Martin, 2004: 51, fig. 2; Martin, 2005:
172, figs. 3-4; Charpentier et al., 2000: fig. 8; Charpentier et al., 2003; Berger et al.,
2020: 6). A. violascens valves have been identified in more moderate quantities from
the Neolithic sites of Delma DA11 (Beech & Glover, 2005: tab. 4) and Marawah
MR11 (Lidour et al., in press: tab. 2) in the Emirate of Abu Dhabi (UAE). On the
other hand, Meretrix sp. specimens are reported only from Neolithic sites of the
Suwayh micro-region and do not seem to be still available there nowadays (Martin,
2004: 51, fig. 2).

Conversely, C. erycina is reported as strictly inhabiting offshore substrates (Bosch
et al., 1995: 269). At first glance, it is pretty unlikely that Prehistoric fishers could
localize and exploit marine molluscs down to several metres underwater. It is, how-
ever, what has been assumed by Villa et al. (2020) in the context of the collection
of Callista chione (Linnaeus, 1758) valves used by Neanderthals at Moscerini Cave
(Latium, Italy). This species is also encountered below the low tide line (Leontarakis
& Richardson, 2005: 189), making the study’s authors suggest that shell-collecting
was carried out by skin diving. A similar assertion has been held by Szabé et al.,
(2007: 710) regarding the gathering of Turbo marmoratus Linnaeus, 1758 by 32-28
kya on Gebe Island (Indonesia). However, this gastropod can be encountered in
shallow subtidal rocks, allowing its collection on foot during large tide ranges. The
hypothesis of ancient skin diving is questionable since this activity is particularly
challenging and costly in time and effort to obtain marine shells that could have
been directly collected when washed up on the shore. Personal shell collections of
C. erycina and C. chione along beaches carried out respectively in Umm al-Quwain
(UAE) and Laredo (Cantabria, Spain) allowed collecting over 15 complete valves
in half an hour. The hypothesis of skin diving supported in Villa et al. (2020) is
based essentially on microscopic observation of the surface of the archaeological
shells that have been carried out by C. Smriglio (Italian Institute of Human Pale-
ontology, Rome): about 24% of the specimens he studied did not show any visible
trace of marine erosion (due to the wave action) nor of boring or encrusting marine
organisms (e.g. predatory gastropods, polychaete worms, boring sponges). How-
ever, the presence and the visibility of such traces depend greatly on the amount
of time the shell has spent in the sea after the mollusc’s death—if it occurred rel-
atively recently, the shell would look pretty fresh. Therefore, shells from species
encountered in intertidal and shallow subtidal habitats—such as T. marmoratus—
are expected to have been less affected by marine bioerosion processes than species
inhabiting offshore substrates. Indeed, not all shell valves we have collected for the
present study show marine bioerosion traces. Furthermore, the observation of such
traces on archaeological specimens can be greatly complicated by both taphonomic
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alterations (e.g. post-depositional dissolutions and concretions) and the fact that the
shells have been deliberately worked and used.

Uerpmann and Uerpmann (2003: tab. 9.2) have reported that C. erycina valves
have been frequently identified (representing from 100 g to 1 kg of shell fragments)
at Ra’s al-Hamra RH5 and Wadi Wuttayah (Muscat, Sultanate of Oman). How-
ever, no information given in this study has specified if some specimens have been
worked. More recent publications from Ra’s al-Hamra sites have confirmed the pres-
ence of several C. erycina tools associated with Neolithic contexts (Marcucci et al.,
2014: 242, fig. 5; Marcucci et al., 2021: 114, Fig. 6.13). According to our preceding
remarks, C. erycina valves were more than likely collected washed up on the shore.
In contrast, shells from other taxa used to produce shell tools were also potentially
available from living specimens encountered in intertidal substrates.

To construct the reference collection, 21 C. erycina valves have been exclusively
collected on beaches. A total of 76 C. umbonella and 4 A. violascens valves have
been obtained both from fresh specimens bought at local markets and from gather-
ings of washed up material. As Meretrix sp. is no longer reported among the modern
lists of taxa available in the region (it is possibly an extinct species according to
Martin, 2004: footnote 3), 10 Meretrix lyrata (G. B. Sowerby II, 1851) (Fig. 3 n°3)
valves have been bought from a private wholesaler based in Paris (France). Speci-
mens composing the collection measure from 51 to 75 mm in length and from 39 to
57 mm in height (Fig. 4). They are found in the average size documented for these
species at the archaeological sites of the region (Bosch et al., 1995). Each valve has
been photographed and labelled with an individual code (written in the inner valve,
below the hinge). From this ensemble, a representative sample of 23 shell tools has
been documented and illustrated for the present study (Table 1).

DORSAL

Umbo . ~ s—ssssgo--ccococmscsocossscocoos Height

Hinge teeth
Y
~ Muscle scars
//\

ANTERIOR POSTERIOR

Pallial line

Pallial sinus
/ —

Ventral margin

Length VENTRAL

Fig.4 Denomination of the main anatomical elements of a shell valve. Based on a right valve of Callista
erycina (labelling modified from Cesari & Pellizzato, 1990)
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Table1 Table of the shell valves used for the experiments documented and illustrated in the present
study

Code Species Laterality Length (mm) Height (mm)
CE.04 Callista erycina Left 73.39 50.11
CE.10 Callista erycina Right 70.21 49.65
CE.11 Callista erycina Left 74.02 53.31
CE.12 Callista erycina Left 71.53 50.46
CE.13 Callista erycina Left 67 49.78
CE.15 Callista erycina Left 70.56 51.35
CE.19 Callista erycina Right 68.87 48.98
CU.05 Callista umbonella Right 60.07 46.4
CU.08 Callista umbonella Right 60.05 44.35
CuU.16 Callista umbonella Right 63.52 47.94
CU.18 Callista umbonella Left 62.33 47.2
CU.19 Callista umbonella Right 59.09 44.92
Cu.22 Callista umbonella Left 58.17 44.69
Cu.27 Callista umbonella Right 58.21 43.59
CU.34 Callista umbonella Left 68.71 52.99
CU.36 Callista umbonella Right 68.66 51.77
CU.39 Callista umbonella Right 54.82 41.49
CU.40 Callista umbonella Right 58.39 44.12
CU.53 Callista umbonella Left 52.76 39.99
CU.59 Callista umbonella Right 54.36 41.2
CU.70 Callista umbonella Left 54.27 41.13
Cu.74 Callista umbonella Right 52.06 39.46
ML.03 Meretrix lyrata Right 62.84 49.07

Phase 2. The Production of an Efficient Working Edge

Mollusc shells are frequently considered as a substitute raw material for the pro-
duction of tools—the intentional use of this material is supposed to result from the
lack of lithic resources (Toth & Woods, 1989). Indeed, the ethnographic information
indicates that shell tools have mainly an expedient use. It is why, in most cases, the
shell is little transformed—its natural characteristics of shape and robustness being
exploited to the maximum (Cuenca Solana & Clemente Conte, 2017). However, the
use of shell tools can also be motivated by the greater adequacy of these instruments
compared to lithic tools to develop some specific work or associated with several
other reasons that might escape us, such as cultural tradition.

The use of shell valves as tools is reported for various purposes, including the
processing of animal, vegetal, and mineral materials.

They are used as knives for butchering tasks among many native peoples from
the Americas, including in Brazil (Prous, 1990) and among the Kawésqar in Chile
(Emperaire, 1958) for cutting meat. The use of shell valves for fish scaling has also
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been reported in various ethnographic works, such as among the Chugach in Alaska
(Dupont, 2003), the Patwin in Northern California (Johnson, 1978), the Aboriginals
living along the Murray River in New South Wales (Australia) (Allen, 2009: Fig. 5),
and in Southern Palestine as well (Courtin & Vigié, 1987). Although less effective,
the use of shell valves for the working of bone is also possible—reported for shap-
ing bone staffs among the Wauja (Upper Xingu, Brazil), for instance (Prous, 1990).
Shell valves are used as scrapers for cleaning, treating, and smoothing animal skins
in different regions, such as in Northern Africa (Vigié, 1987), in Northern America
(including in Alaska and Greenland) (Bocquenet, 1998: 268-269; Cade, 1998: 347),
and Southern America (among the Kawésqar in Chile and the Yagan in Tierra del
Fuego) (Leroi-Gourhan, 1945: 219; Emperaire, 1958; Gusinde, 1986).

Shell valves can have a multi-purpose function as a knife or a scraper. It is, for
instance, the case among the Yagan from Tierra del Fuego where large shell valves
were shafted using an elongated beach pebble. This tool was used for various tasks,
including cutting, scraping, and carving wood (Gusinde, 1986; Mansur & Clemente
Conte, 2009). Shell knives are sometimes used to cut wood in other regions, such
as Brazil and the Magallanes region in Chile (Gusinde, 1986). Other kinds of veg-
etal material can be worked using shell tools, such as for scraping wood bark, cut-
ting, and relaxing herbaceous plants that are traditionally used for making textiles,
ropes, and baskets (Cleyet Merle, 1990: 51). In Cuba and among the Kamayura from
Buragao (Brazil), shell valves are used for scraping and cutting manioc (Manihot

Fig.5 Experimental retouch following the ‘Quina retouch’ (Retouch type 1). A, B Stage 1—A series of
retouch creates micro-denticulations along the ventral margin of the valve, with A on a Callista chione
specimen (Romagnoli et al., 2016: fig. 7.A) and B on a Callista erycina specimen (present study); Stage
2—A second series of retouch has regularised the edge, showing a flat and stepped flaking, with C on a
Callista chione specimen (Romagnoli et al., 2016: fig. 7.B) and B on a Callista erycina specimen (pre-
sent study). Scale: 5 mm
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esculenta) (Dacal Moure & Rivero de la Calle, 1984; Prous, 1990). In Hokkaido
(Japan), shell valves were also traditionally used by the Ainu-Utari as sickles for
harvesting crops (Cade, 1998: 348).

Shell valves can have been used as tools for pottery making as well, such as for
the regularisation of the thickness (Prous, 1990: 249) and the smoothing of the walls
in Africa and in the Canary Islands (Vigié & Courtin, 1986: 60; Cade, 1998: 348;
Rodriguez Rodriguez & Navarro Mederos, 1999).

These activities can be gathered within two main groups of actions: (1) trans-
versal actions (scraping or chopping); (2) longitudinal actions (cutting or sawing).
Indeed, shell valves show a natural disposition to be used as either scrapers or
knives. Large valves of the Veneridae family, particularly the genus Callista, can
reach sizes allowing them to be easily taken in hand and show a remarkable thick-
ness and robustness. However, most unmodified shell valves are generally inefficient
to be used as scrapers or knives since their edges are naturally rounded—it has been
shown by experiments conducted by Toth and Woods (1989), who have compared
the efficiency of both unmodified and sharpened Ostrea valves to process animal
carcasses. Therefore, the transformation of the shell valve into an efficient tool can
involve retouching its edge. However, the potential use of unmodified shell valves
as tools in Late Prehistoric Arabia cannot be assessed as long as they have not been
properly sought within the malacological assemblages—it is a key issue for future
research.

Many valves of C. erycina and C. umbonella (as well as of Meretrix sp. and A.
violascens in lesser quantities) from Late Prehistoric Arabia have been transformed
before being used as tools. As Charpentier et al. (2004) show, the retouch is ‘sca-
lariform’ and limited to the ventral margin of the valve (distal to the hinge)—some-
times only to a specific part of the edge—corresponding to the future active area.
It results in a series of overlapping small fractures showing semi-circular and half-
moon shapes. The retouch can either follow the natural curve of the ventral margin
or modify it into a straight edge (Fig. 2 n°3). Although a more detailed study and
further experiments are necessary on that particular issue, it can be stated that this
human-made ‘scalariform’ retouch clearly differs from natural and taphonomical
breakages that have a more abrupt profile as it has been observed on a large number
of shell valves resulting from archaeological food wastes. Romagnoli et al. (2016)
studied this type of retouch in the context of shell tools made of valves of C. chione
reported within Neanderthal-associated contexts in the Mediterranean. They have
evidenced a direct percussion made in two stages:

— Retouch type 1, stage 1 (Fig. 5A, B). A first series of small retouches are made
on the ventral margin using a rounded surface of the hammerstone. The gesture
is tangential and follows a curvilinear trajectory to strike the outer side of the
valve (inverse retouch). It produces micro-denticulations forming a distinctive
‘sharp thorn’ on the ventral margin;

— Retouch type 1, stage 2 (Fig. 5 C, D). The ventral margin is regularised by a sec-
ond row of retouches using a flatter surface of the hammerstone. Supposedly, less
force is applied during this second stage.
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This type of retouch has been associated with the Quina techno-complex by the
study’s authors. The Quina techno-complex is a Middle Palaeolithic socio-techno-
logic system defined by Delagnes et al. (2007). It includes the production and use
of characteristic ‘Quina scrapers’ (in lithic) showing stepped retouches—generally
along one of the longest sides of the tool. The authors have suggested the transfer-
ence of this knapping technique to marine shells to produce tools with a continuous
convex cutting edge. A similar technical transfer has been tested by Szabd et al.,
(2007: 711) for the ‘flaked shell artefacts’ retrieved from Golo Cave (Indonesia, c.
32-28 ka) but was ultimately rejected.

Shell tools are frequently (but not systematically) associated with large lithic
scrapers showing typical convex edges and ‘scale-like’ or ‘scalariform’ (Bordes,
1988: 19) retouch in the Neolithic assemblages of Eastern Arabia. The latter, known
as ‘tile knives’, are made either from large flakes or from tabular flint—and are fre-
quently attested at coastal sites from the Arabian Gulf (Edens, 1982: pl. 102, B;
Kapel, 1967: 21, fig. 44b; Méry & Charpentier, 2013: 75). It includes specimens
reported from major stratified sites such as Dosariyah (Saudi Arabia) (Drechsler,
2018: 247, pl. 11.11-12), Marawah MR11 (Beech et al., 2020: fig. 10, n°8), and
Akab (Emirate of Umm al-Quwain, UAE) (Méry & Charpentier, 2012: figs. 16—17).
Edens (1988: 21) outlined that this type of tool is absent in the interior. Similar to
assumptions suggested for Palaeolithic cultures in Europe and Indonesia (see above),
technical transfers and, possibly, similar uses could be presumed for lithic and shell
scrapers/knives from Neolithic Eastern Arabia. However, at this stage, a detailed
study of these flint ‘tile knives’ is highly required to specify their mode of produc-
tion, uses, and potential relationships with shell tools attested at the same sites.

Experiments have confirmed the efficiency of the ‘Quina’ retouch technique
but with a quite high degree of fracture of the shell valves (also noticed by S.
Soriano in Villa et al., 2020)—which could also be due to a variable skill level
in knapping. Other techniques are documented for the production of ‘scale-like’
and ‘scalariform’ retouches within lithic studies (see Bordes, 1988: 19, fig. 2).
However, it is worth noting that working mollusc shell is not producing conchoi-
dal fractures that can be obtained for siliceous rocks such as flint and chalcedony
because of their glass-like properties. In the case of most bivalves, the fracture of
the edge of the valve during the knapping process tends to follow the weakened
lines of its natural multi-layered structure—creating distinctive step-like frac-
tures on the inner valve only (unifacial retouch). Therefore, other techniques of
retouching have been experimented:

— Retouch type 2. ‘Flat retouch’ (Fig. 6A, B). The retouch can be described as
‘flat’” when the flakes form angles lower than 45° relative to the striking plat-
form (Laplace, 1968). The hammerstone is struck on the valve following a series
of short retouches all along its ventral margin. However, it does not strike with
an inclined angle on one side of the valve (direct retouch from inside or inverse
retouch from outside), but abruptly against the edge with a controlled blow of
force. As mentioned above, the shell structure is naturally flaking off on the inner
side of the valve;
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Fig.6 Further experimental retouches were performed for this study. A Flat retouch (Retouch type 2)
gesture. B ‘Block-on-block’ technique (Retouch type 3) gesture. C Retouch type 2 creates deep crushings
and smaller stepped retouches which are overlapping all along the ventral margin, on a Callista erycina
specimen. D Retouch type 3 produces a series of distinctive half-moon shaped fractures resulting in a
‘sharp thorn’ pattern, on a Callista erycina specimen. E and F Details of the worked edges of archaeo-
logical specimens of Callista erycina valve tools—they are comparable to experimental specimens (from
UAQ2, DTA Umm al-Quwain & French Archaeological Mission in the UAE). Scale: 5 mm

— Retouch type 3 (Fig. 6D, E). The ‘block-on-block’ technique, also known as ‘on
resting hammer’ (Cheynier, 1949: 190; Bordes, 1988: 25). Although usually doc-
umented for debitage within lithic studies, this technique has been used for knap-
ping and retouching by L. Coutier in his experiments according to Bordes (1947:
17). The ventral margin of the valve is abruptly struck against a stationary stone
(resting on the ground or held in the other hand) which is used as an anvil.
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In both cases, a slightly rounded surface of the hammerstone (or resting ham-
mer) is used, and the gesture always follows a linear trajectory, resulting in a flat and
stepped flaking caused by the abrupt percussion of the plane perpendicular to the
ventral margin. In practice, Retouch type 3 allows a better accuracy of the contact
area and greater control of the force applied. However, the specification of the type
of retouch remains hard on archaeological shells since their edges are quite abraded
and rounded because of both their use as tools and taphonomic alterations (Moss,
1983). Nevertheless, all the retouch types described above are suitable for the pro-
duction of efficient cutting edges comparable to archaeological specimens (Fig. 6C,
F). Retouch types 2 and 3 have been used mainly to produce the valve tools docu-
mented in the present study (Table 2). A total of 23 specimens are documented in
the present study among the 87 shell valves that have been worked for the reference
collection.

Phase 3. The Experimental Works

Shell tools can be used for a variety of purposes associated with processing various
animal, vegetal, and mineral materials. The experimental program has been based
on the use of shell valves for several specific activities likely to have been carried
out by Neolithic fisher-herders living in the Arabian Peninsula. It includes, among
many others, cutting meat, fish scaling, cleaning and softening animal skins, wood-
working (e.g. debarking, planing), stretching and cutting vegetal fibres, and scrap-
ing ochre (Fig. 7). So far, 65 experiments have been conducted for the reference
collection—a representative sample of 23 experiments is documented and illustrated
in the present study (Table 2).

Since most experiments have been conducted in Northern Spain (Cantabria), ani-
mal and vegetal taxa commonly encountered in Eastern Arabia have not been avail-
able—apart from CU.53, which has been used for debarking a branch of mangrove
(Avicennia marina) and other specimens for the processing of date palm (Phoenix
dactylifera) fibres (CE.10, CE.19, CU.08, CU.18, CU.39, and CU.74) on the occa-
sion of archaeological fieldwork on Marawah Island (Emirate of Abu Dhabi, UAE)
in March 2022.

Sheep (Ovis aries) and goats (Capra hircus) are the main terrestrial mammals
consumed by coastal communities in Eastern Arabia during the Neolithic. At UAQ2,
kill-off profiles have indicated the preferential slaughtering of young livestock (e.g.,
Mashkour et al., 2016), suggesting a herding economy specialised in animal milk
production. On this basis, lamb meat and skin have been used for experiments of
butchering and tasks associated with the processing of animal skins. CU.36 was
used to soften a dry roe deer (Capreolus capreolus) skin for a comparative purpose.
Seabreams (Sparidae) are among the main fish catches during the Neolithic in East-
ern Arabia (Lidour, 2023): a specimen of Red porgy (Pagrus pagrus) caught in the
Cantabrian Sea has been selected for fish scaling experiments.

Woodworking tasks have been carried out mainly using false acacia (Robinia
pseudoacacia). It shows a strip-like bark structure and an average wood density (c.
0.7 g.cm™) comparable to those of acacia-related taxa (Vachellia spp., Prosopis
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Fig.7 Examples of experimental sessions. A Cutting of half-dry palm leaves, 10 min (ref. CU.08). B
Working (debarking and planing) a branch of half-dry false acacia, 20 min (ref. CU.34). C Debarking
a branch of fresh acacia, 20 min (ref. CU.13). D Re-sharpening a bone point, 10 min (ref. CU.01). E
Cleaning and treating a sheep skin using an emulsified solution of lamb brain mixed with ochre powder,
35 min (ref. CU.27). F Defleshing a lamb limb, 20 min (ref. CE. 15)

cineraria) and the Christ’s thorn jujube (Ziziphus spina-christi) composing most of
the native tree cover in Eastern Arabia (Brown, 1997: appx; Sydor et al., 2020: tab.1;
Ghalehno et al., 2021: tab. 1). One specimen (CU.53) was used to work a branch of
grey mangrove (Avicennia marina) which has a smooth bark and a mid-heavy den-
sity (c. 0.65 g.cm™). It, however, differs from the loop-root mangrove (Rhizophora
mucronata), which has a bark composed of peeling strips and shows a greater wood
density (c. 0.79 g.cm‘3) (IDEAS Consultancy Services, 2013: tab. 2; Ardhana et al.,
2018: tab. 1)—working wood from the latter taxa did not have been experimented
so far. Regarding the non-woody fibres, activities have focused on the processing of
fibres (leaflets and leaf sheath, the fibre covering the trunk) of the date palm, whose
exploitation took on a great importance in Eastern Arabian pre-oil material culture
such as for basketry and the production of ropes (Crocker Jones, 1991). A sample
of leaf sheath from the coconut palm (Cocos nucifera) (CU.39) has also been pro-
cessed for a comparative purpose.

Different states of matter of each material worked have been experimented. Hard-
ness, density, and hydration can be significant variables in use-wear formation: e.g.
wood density increases with dryness; dry vegetal fibres and dry animal skins are
less flexible and more abrasive than when fresh. The grip in hand, the movement,
the applied force, and the working angle are also to be taken into account (Clemente
Conte, 1997: 29-34). Although it has not been systematically documented for the
present study, the working angle almost always shows a certain variability, espe-
cially when performing transversal movements (Cuenca Solana, 2013: 97). The
duration of the experiments we have conducted varies greatly from one to another
(from 5 min to almost an hour) (Table 2), resulting in a gradual development of
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the use-wear (Gonzalez Urquijo & Ibafiez Estévez, 1994: 31; Cuenca Solana et al.,
2010: 216).

Because of residues covering the use-wear, most valves have been cleaned after
the experiments (except for those potentially concerned by residue analyses, such
as CU.05, which was used for scraping ochre). Cleaning has consisted of placing
the shell valves in an ultrasonic bath (distilled water warmed at 40 °C) for about
20 min. In very few cases, this treatment seems to have slightly damaged the use-
wear (observed on specimens of A. violascens used for processing vegetal fibres)
(also observed in Cuenca Solana, 2013: 100). Further research is necessary to assess
this phenomenon in more detail.

Phase 4.The Use-Wear Analysis

Use-wear observations have been conducted using both stereomicroscopy (Leica S8
APO) and digital microscopy (Leica DM2500 M), allowing magnifications from 10
to 200X . Photographies have been taken with a digital microscope camera (Leica
MC190 HD) linked to a computer using the Leica Application Suite v. 4.13.0—most
photographs have been taken at the micro level 100X, combining enough detail
and field of view simultaneously. Multifocal pictures can be processed using either
the Leica software or Helicon Focus v. 8.1.0. These photographs were used to con-
struct a digital synoptic reference collection. An energy dispersive X-ray analyser
(EDX) has been used to provide elemental identification and quantitative compo-
sitional information of residues identified on shell tools. EDX measures the X-rays
emitted by a sample when excited by an energy source (an electron beam from a
SEM for instance). The energy spectrum obtained is analysed by comparing peak
intensities with known standards, allowing to document its elemental makeup. The
laboratory work has been conducted at the Instituto Internacional de Investigaciones
Prehistéricas de Cantabria (IITPC) and at the Laboratorio de la Divisién de Ciencia
e Ingenieria de los Materiales (LADICIM) (Universidad de Cantabria, Santander,
Spain).

Observations using stereomicroscopy allow a general description of the shell
tool, of its surface modifications, and a preliminary localisation of the active area.
In most cases, abrasions, rounding, and scarring are already visible at low magni-
fication and would confirm the presence of a use-wear (e.g. Douka, 2011; Pascual
Benito, 2008). Observations at high magnification using digital microscopy allow
a more detailed description of the use-wear traces. The latter include the polish and
the striations principally, but the edge rounding and fracturing can also be observed
(Kamminga, 1982). Ideally, observations at high magnification would permit to
specify what material has been processed and the characteristics of the action per-
formed (Keeley & Newcomer, 1977).

Striations are grooves and scratches produced by the contact and the movement
of abrasive particles between the active area of the tool and the material processed
(Mansur-Franchomme, 1980). These abrasive particles can be exogenous or addi-
tive: intended in the case of ochre, for instance, not intended for sand or dirt that
could be present in the work environment. They can be endogenous, corresponding
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to fragments detached from the tool’s edge or the material processed during the
action. The morphology, dimension, frequency, and orientation of striations are
observed. It allows to specify the movement of the action (Gonzilez Urquijo &
Ibafiez Estévez, 1994: 59). Indeed, striations can be parallel or perpendicular to the
edge of the tool, showing unidirectional or bidirectional movements as well. The
edge rounding and fracturing indicate the hardness, abrasivity, and plasticity of the
material worked: soft materials cause more rounding than hard materials, leading to
a more frequent fracturing of the tool’s edge. Therefore, a hard material will cause
a frequent renewal of the active area, leaving less developed use-wear traces on the
tool at the end of the action.

In this study, we retain the definition of the ‘polish’—or ‘micro-polish’ when
it is observed at high magnification—as the change in the micro-topography and
the reflectivity of the active area that has been abraded (Jensen, 1988: 55). In fact,
the polish is supposedly formed as a result of combined mechanical and chemical
actions (Anderson-Gerfaud, 1980; Yamada, 1993). In practice, it is described con-
sidering both spatial parameters (location, extension, and contouring) and its surface
aspect. The latter is detailed by a series of characteristics, including the pattern (or
network), the texture, and the brightness (sheen or shine). It is important to note that
the inclination of the shell tool on the microscope stage as well as both the intensity
and the incidence of light are important factors that affect the visibility of the polish
(Cuenca Solana et al., 2010: 221). Some authors also often refer to the ‘coalescence’
for designating the surfaces affected by the micro-polish (Plisson & Van Gijn, 1989:
632-633). The way the coalescent surfaces extend in relief (or micro-topography)
can vary following a continuum of states from fluent to hard. It usually provides
useful information on the plasticity of the material worked. The pattern is directly
determined by the spatial distribution and the interconnection of coalescent surfaces
(i.e. surfaces affected by the micro-polish). The latter can be loose, more or less nar-
row, closed, or unified (Plisson, 1985: 15-20, figs. 1-2; Gonzalez Urquijo & Ibafiez
Estévez, 1994: 47). On the name of convenience and for facilitating comparisons
with other studies, we preferred to refer to the way the ‘micro-polish’ develop in
relief and affect it than using the term ‘coalescence’ in the present paper. One also
refers directly to how the action modifies the ‘original micro-topography’, show-
ing smooth or rough aspects (e.g. Cuenca Solana et al., 2010; Cuenca Solana et al.,
2013a following the terminology of Gonzéalez Urquijo & Ibafiez Estévez, 1994: 51).
Indeed, one of the main problems when comparing the literature specialised in func-
tional analysis is the variability of the glossary used. There is no consensus on using
a certain number of terms such as ‘coalescence’ and how to describe ‘texture’ and
‘brightness’ objectively. Therefore, the description of some characteristics of the
use-wear seems to depend on subjective assessments. The impossibility of building
an objective and systematic way of describing use-wear is one of the main reasons
why many scholars have developed their own experimental programs (Grace, 1989;
Wiederhold, 2004: 46).

On all species used for composing the reference collection, the original edge of
the valves shows a shiny and smooth surface, sometimes showing striations and
scratches when the latter have spent a while in the sea after the mollusc’s death
(Fig. 8B). In the case of A. violascens valves, the shell is thinner and tends to break
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Fig.8 A 1. Unworked left valve of Callista umbonella (found washed up on the shore). 2. Worked
(Retouch type 3) left valve of Callista umbonella (obtained fresh). 3. Worked (Retouch type 2) left valve
of Asaphis violascens (found washed up on the shore), scale: 2 cm. B Detail of the internal edge of the
unworked valve illustrated in Al—striations and scars are produced by marine erosion (at 100x). C
Detail of the internal edge of the worked valve illustrated in A2—the retouch has produced an uneven
microtopography composed of peaks and crevasses (at 100 X). D Detail of the internal edge of the valve
illustrated in A3 prior having been worked—the surface is shiny and shows some roundings and lump-
like structures (at 100 x). E Detail of the internal edge of the worked valve illustrated in A3—the uneven
microtopography shows irregular micro-fractures (at 100 %)
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easier along the ventral margin, thus showing small irregular fractures on its edge.
Lump-like structures can be observed on the inner valve (Fig. 8D), corresponding
to fine sand grains and dirt jammed and imbedded in the shell layers during their
formation. As we saw above, the retouch aims to transform the regularly polished
margin of the valve into an effective cutting edge. It results in the removal of the
superficial layer (i.e. periostracum) covering the inner shell and fracturing its multi-
layered structure. Subsequently, the edge shows a matte and uneven surface com-
posed of peaks, crevasses, and micro-fractures (Fig. 8C, E). Therefore, the ‘origi-
nal microtopography’ of shell tools before their use greatly differs between worked
and unworked specimens. This parameter is susceptible to affect how the use-wear
would develop.

Results

In the following parts, we describe the use-wear of a selection of experimentally
made shell tools that have been deemed representative of the most recurrent activi-
ties documented in other functional analyses. They illustrate the variety of the
materials processed during the experiments. The use-wear descriptions consist of
methodological support for future use-wear analyses intended to be conducted on
archaeological specimens.

Animal Materials

Experiments on animal materials include mainly butchering activities and the pro-
cessing of animal skins. Butchering activities include defleshing and scraping meat
from bones. In the present study, only scaling has been documented among the fish
processing tasks. Activities on animal skins have included scouring, ‘tanning’ (treat-
ing by spreading an emulsified solution of lamb brain mixed with ochre powder),
and softening at various stages of dryness.

Butchering

Cutting meat produces a micro-polish visible mainly when positioning the valve
almost flat on the microscope stage—it evidences a wide contact with the material
processed. Indeed, the micro-polish is developing on a wide surface, with blurred
limits. It has a loose pattern, sometimes moderately narrow, with a greasy texture,
and a dull brightness—similar characteristics are observed for use-wear produced
on bone tools (Maigrot, 1997: fig. 7) (Fig. 9A, B). It develops in relief, following
the uneven microtopography initially created by the retouch. Therefore, the work-
ing surface between the active area and the material is fluent. The material worked
is soft and not abrasive (no roundings). However, on some high points, the micro-
polish is brighter and has a closer pattern showing contact with a harder material
(i.e. bone) (Clemente Conte et al., 2015: fig. 5.2)—see also Odell (1980: 41) for
use-wear traces produced on lithic tools. The micro-polish is oriented longitudinally
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Fig.9 Use-wear produced by butchering activities, at 100x. A Defleshing a lamb limb (cutting action),
20 min (ref. CE.15). B Defleshing a lamb limb (cutting action), 20 min (ref. CU.40). C Scraping meat
from a lamb long bone, 30 min (ref. CE.11) D Descaling a Red porgy, 10 min (ref. CE.12)

to the edge, confirming a cutting action. Striations are rare, but sometimes visible on
high points, confirming a longitudinal movement (examples would also be visible on
the outer side of the valve).

When the valve is used for disarticulating, scraping meat from a bone, and fish
descaling, the use-wear is similar but areas showing a closed micro-polish are more
developed—as seen above, it results from contacts with a harder material such as
bone and bony scales (Fig. 9C, D). No great difference has been observed for the
use-wear traces produced respectively when cutting mammal meat and fish. How-
ever, it is worth noting that the development of the use-wear appears to be slower in
the case of processing fish.

Processing Animal Skins

When scraping animal skins, the micro-polish develops at various angles but is bet-
ter visible when the valve is inclined. It indicates an action concentrated mainly on
the edge but with variations of the working angle, which could explain a certain flex-
ibility of the material processed. The micro-polish extends on a continuous surface
along the edge and develops moderately following the relief (Fig. 10). It is slightly
bright and shows a variable pattern, from narrow to closed depending on the micro-
topography: the relief’s edge and high points show a closer pattern. The texture is
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Fig. 10 Use-wear produced by the processing of animal skins, at 100x. A Cleaning and softening a wet
sheep skin on a hard wood support, 60 min (ref. ML.03). B Softening a half-dry sheep skin on a hard
wood support, 60 min (ref. CU.22). C Softening a dry roe deer skin on a hard wood support, 30 min (ref.
CU.36). D Softening a wet sheep skin on a frame, 20 min (ref. CU.70). E Softening a half-dry sheep skin
on a frame, 20 min (ref. CE.13). F Cleaning and treating a sheep skin using an emulsified solution of
lamb brain mixed with ochre powder, on hardwood support, 35 min (ref. CU.27)

quite greasy and grainy (Cuenca Solana et al., 2010: 218-219, fig. 3). The relief
tends to show more roundings and a matter brightness through time as much the
skin is dry and rigid (Fig. 10C)—also observed on lithic tools by Keeley and New-
comer (1977: 42). The edge would also show a certain attrition, progressively devel-
oping in a more regularly rounded profile with a unified micro-polish. When vis-
ible, striations develop on the high points of the micro-topography: they are regular,
short, thin, shallow, arranged in parallel, and oriented transversally (or obliquely) to
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the edge, confirming a scraping action. They are much better developed and visible
when the skin has been worked over a long duration on a hard surface (e.g. on the
ground or a table) than when laid on a frame (see Fig. 10D, E). Similarly, dry skins
are reported to produce more abraded surfaces and striations on lithic and bone
tools as well (Peltier & Plisson, 1986: 73, figs. 5-6; Gauvrit Roux & Beyries, 2018:
655-656, figs. 6-7;). The active area is frequently reported to show numerous sub-
circular micro-holes, especially when the skin is dry (Gonzilez Urquijo & Ibafiez
Estévez, 1994: 51; Cuenca Solana, 2013: 178, fig. 3.30.8). The residual presence of
abrasive material such as ochre on the skin would also induce a greater rounding of
the micro-relief and the formation of striations.

Ochre has antibacterial and antifungal properties that favour the preservation of
animal skins (Audouin & Plisson, 1982; Philibert, 1995; Rifkin, 2011; Tributsch,
2016)—its ancient use has been previously highlighted in functional analyses (e.g.
Cuenca Solana et al., 2021; Rios Garaizar et al., 2002; fig. 3). When a mineral mate-
rial is added to a skin, it produces a stronger abrasivity: the edge and the relief of the
tool are distinctively rounded and show many transversal striations (Brink, 1978;
Mansur-Franchomme, 1983: 229). These striations are invasive, long, deep, and of
various thicknesses (Cuenca Solana, 2013: 167) (Fig. 10F)—however, it depends
greatly on the grain size of the ochre powder used. The striations frequently intersect
when the movement is bidirectional (also visible on the outer side of the valve). The
reliefs tend to flatten because of the strong abrasivity associated with the skin’s elas-
ticity, creating wide surfaces with a unified micro-polish. The brightness is generally
higher than when the skin is worked without ochre. The texture remains grainy and
greasy, especially on the relief’s lower points and the active area’s periphery.

Vegetal Materials

Vegetal materials that have been processed include wood and non-woody fibres at
different stages of dryness. Woodworking tasks have consisted in debarking and
planing tree branches. Regarding non-woody fibres, activities have focused on relax-
ing and cutting leaflets and leaf sheath. Further experiments that are not documented
in the present study include gathering wild halophyte shrubs (Arthrocnemum mac-
rostachyum and Zygophyllum qatarense) and peeling of bulbs of the desert broom-
rape (Cistanche tubulosa).

Woodworking

In the case of debarking and planing wood, the action involves a transversal or
oblique movement. Therefore, the use-wear develops mainly when the valve is
inclined on the microscope stage, indicating a small contact with the material
worked—Tlimited to the edge. It differs from grooving, for which the action is longi-
tudinal: the micro-polish is thus visible when the valve is set almost flat and its axis
perpendicular to the incident light.

The removal of a fresh and thin bark produces a slightly rounded facet on the
edge of the valve. There, the micro-polish shows a fairly closed pattern with a
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Fig. 11 Use-wear produced by woodworking, at 100 (at 200 x for B). A, B Debarking a branch of fresh p
false acacia, 20 min (ref. CE.04). C Debarking a branch of fresh false acacia, 10 min (ref. CU.59). D
Debarking a branch of fresh mangrove, 10 min (ref. CU.53). E, F Debarking a branch of dry false aca-
cia, 20 min (ref. CU.16). G Planing a branch of half-dry false acacia, 20 min (ref. CU.34). H Planing a
branch of dry false acacia, 20 min (ref. CU.19)

fine-grained texture (better visible at 200 x) (Fig. 11B) and a dull brightness (Cuenca
Solana, 2013: 130). It tends to form a continuous band along the edge of the active
area (Fig. 11A, C). Farther toward the inner valve, the relief shows some roundings
as well, but they remain little developed and do not result in an extensive flattening
of the microtopography. The micro-polish shows a loose pattern with a more grainy
texture—frequently looking varnished (it might be produced by the natural ‘hydra-
tion’ of the green wood or its bark) (Fig. 11D). A similar texture is observed on
valves used for gathering fresh wild plants or peeling bulbs. Vegetal materials are
expected to create various use-wear traces depending on the fibres’ hardness, ductil-
ity, and texture. Experiments with bone tools have shown that the scraping of a soft
bark (such as from the birch, Betula sp.) produces a use-wear more or less similar
to those obtained when processing fresh animal skins (Peltier & Plisson, 1986: 73).
But the extension of the micro-polish would be further restricted and irregular for
wood than for animal skins which are more pliant materials. Some areas showing a
closer pattern could also indicate contact surfaces with wood nodes. It is also to note
that striations remain rare and little visible.

Conversely, when removing a dry and smooth bark, the edge and the reliefs are
extensively abraded. The micro-polish shows a closed pattern with a scratchy tex-
ture, moderately bright. It develops on the contours of the reliefs, resulting in a dis-
tinctive domed and angular aspect (Fig. 11F)—also observed on lithic tools by Kee-
ley and Newcomer (1977: 39). Wide domed facets are even appearing on some parts
of the edge (Fig. 11E). Striations are visible: they are invasive, short, of various
depths and thicknesses. They are broadly parallel and oriented transversally to the
edge, sometimes obliquely (Cuenca Solana et al., 2021: figs. 5, 6.c). Oblique stria-
tions tend to be thicker and deeper than transversal ones. They might result from a
certain resistance of the wood to the back-and-forth motion associated with a bidi-
rectional movement.

Planing wood produces a distinct use-wear. The edge of the valve generally
shows light and more or less discontinuous roundings. Indeed, working hard or dry
wood would result in the frequent renewal of the active area, creating many isolated
semi-circular and half-moon-shaped fractures (Fig. 11G, H). Therefore, the main
active area would be located preferentially on the extremities of the ventral margin,
where the shell is thicker and more resistant to fracture. Nevertheless, the efficiency
of mussel (Aulacomya sp. and Mytilus sp.) valves has been confirmed for debarking
and pruning southern beech (Nothofagus sp.) wood in the context of the study of
Aboriginal cultures from Tierra del Fuego (Argentina). However, the latter are also
reported as being quite fragile when the impact force is little controlled (Mansur &
Clemente Conte, 2009: 364). Conversely, the roundings are more accentuated when
the wood is soft or green, especially on the edge. The further the wood is rough,
hard, and dry, the more the contacts with the active area are isolated. Therefore,
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the micro-polish develops more on high reliefs, showing a closed pattern and creat-
ing domed surfaces. It is moderately bright and has a slightly lumpy texture. Stria-
tions are concentrated on the edge and oriented transversally to it. They are short,
thick, deep, and arranged in parallel. According to its state of hydration, the wood
would also produce an extensive varnished-like micro-polish on the active area (see
Fig. 11G). It generally has a loose pattern and develops well in relief. Debarking and
planing wood are distinct activities that can be conducted one after another using the
same tool. It would result in a combination of their respective use-wear traces.

Vegetal Fibres

Leaves of date palm have been cut using shell tools. The micro-polish is well devel-
oped when the valve is almost flat on the stage, indicating a wide contact with the
material processed. The micro-polish shows a very wide extension on the active
area; its pattern is closed and very bright (Cuenca Solana, 2013: 136, fig. 3.17.5-6).
It develops following the relief and shows a strong abrasivity—the relief is some-
times totally disappearing, creating wide and flat surfaces with a unified micro-pol-
ish (Fig. 12A, B). The working surface is thus obviously fluent. It is worth noting
that the texture is not remarkably smooth but appears slightly lumpy in some areas.
Striations are numerous, very long, deep, and of various thicknesses (Cuenca Solana
et al., 2021: fig. 6.b)—they look to cut through the reliefs without rounding them
like a knife. They are parallel and oriented longitudinally to the edge of the valve,
confirming a cutting action (Cuenca Solana et al., 2010: 217-218, fig. 2). Shorter
and intersected striations would indicate a bidirectional movement. The use-wear is
visible on the outer face of the valve as well.

Other vegetal fibres worked include the leaf sheath of palm trees. The edge and
the relief are quite rounded here, which shows a certain abrasivity. However, we
do not observe the formation of wide flat surfaces, such as for the cutting of leaves
described above (Fig. 12C, D). The micro-polish is less bright and develops more
moderately in relief. Indeed, the pattern is more gradual: close on high points, more
open on lower points. It shows that the working surface is less fluent and, somehow,
more comparable to what it is documented for wood. It, however, differs from the
presence of invasive striations oriented longitudinally to the edge: they evidenced a
cutting action. These striations are shallower, thinner, and more regular than those
observed for tools used to process leaves. The micro-polish shows a wide extension
when the action consists of processing the leaf sheath in bulk. Conversely, it is much
more limited when cutting a rope or a thread in vegetal fibres (Fig. 12E).

Mineral Materials

Activities involving the process of mineral materials include scraping ochre (used
for treating and colouring animal skins, in particular). The micro-polish is organised
in small and discontinuous areas concentrated on the edge of the valve. It is visible
mainly when inclining the valve on the microscope stage, indicating a small contact
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Fig. 12 Use-wear produced by the processing of vegetal fibres, at 100x. A Cutting half-dry date palm
leaves, 10 min (ref. CU.08). B Cutting dry date palm leaves, 10 min (ref. CU.18). C Cutting date palm
leaf sheath, 10 min (ref. CE.10). D Cutting coconut palm leaf sheath, 10 min (ref. CU.39). E Cutting
threads of date palm leaf sheath, 5 min (ref. CE.19). F Stretching date palm leaf sheath, 10 min (ref.
CU.74)

with the material worked. It has a completely closed pattern and it is very bright. In
some areas, the roundness of the edge indicates a strong abrasivity (Fig. 13A). The
relief can also be completely abraded and rounded: striations are long, thin, paral-
lel, and variously deep (Cuenca Solana et al., 2016: figs. 2, 5.4-9). They indicate
a transversal or an oblique movement. A bidirectional motion can be evidenced by
the distinctive pointed-arch shape of the edge (Fig. 13B) and the development of the
use-wear on the outer side of the valve.
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Fig. 13 A, B Use-wear produced by the hard nodule of haematite (ochre), 10 min (ref. CU.05) (at 100 x).
C One of the two sampling areas selected for residue analysis on CU.05 (image by scanning electron
microscopy). D Energy-dispersive X-ray spectroscopy (EDX) spectrum E Bar chart of the elemental
composition performed on the selected sampling area

Ochre is an iron oxide-rich pigment that can be either prepared from haematite
and goethite, which are classified as medium-hard rocks (5-6.5 on the Mohs hard-
ness scale) or obtained from softer earthy materials such as shale and mudstone
(2-3 on the Mohs scale) (see for instance Henshilwood et al., 2014). Mollusc
shells are expected to be more efficient for scraping soft minerals—whereas mas-
sive haematite would cause more fracture. It would result in a frequent renewal of
the active area, showing a less developed use-wear at the end of the experiment.
Conversely, the edge and the reliefs would show more roundings as much as the
ochre nodule that has been worked is ductile (Cuenca Solana et al., 2013b: 374).
Residue analyses can confirm the processing of ochre or other mineral materi-
als—in the case of ochre, it can be evidenced by the residual presence of iron
oxides on the surface of the active area (Cuenca Solana et al., 2016). An EDX
analysis has been undertaken on two clusters of ochre present at the surface of
a (not cleaned) reference shell valve (ref. CU.05 illustrated in Fig. 13C-E) used
for scraping a hard block of haematite coming from Northern Spain: iron oxide
(FeO) is comprised between 26.15 and 40.44%—intrusive compounds include
sulfur trioxide (SO3) (3.82-6.94%), silica (Si02) (5.74%), and phosphorus pen-
toxide (P205) (5.56%).
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Discussion
The Efficiency of the Shell Valve Tools

The experiments confirmed the great efficiency of the retouched shell valves for
butchering activities, particularly for slicing and scraping meat from bones and for
fish scaling. These activities do not significantly affect the sharpened edge over time.
Similarly, retouched valves consist of good tooling for processing animal skins,
especially for scraping tasks, but only as long as the worked edge does not cause
perforation or tearing because it is too irregular or toothed. In this sense, previous
experimental protocols have already shown the great effectiveness of carrying out
this activity using shells without retouching (Cuenca Solana, 2013). The edge tends
to blunt faster when the skin is dry or when an abrasive material is added, such
as ochre. Although not illustrated in the present study, other experiments have con-
sisted of sharpening bone points. The latter have proved to be ineffective.

The retouched shell valves are effective for tasks conducted on vegetal fibres,
such as for relaxing and cutting leaves or leaf sheath. However, the great abrasiv-
ity of the vegetal fibres—particularly leaves—causes a fast blunting of the working
edge (in about 10 min, according to experiments). The fibres’ flexibility prevents the
shell from fracturing and obliges the artisan to deliberately re-sharpen the working
edge to restore its effectiveness. It would appear as a significant reduction in the
valve shape over time.

The efficiency of the valve tools is more contrasted regarding woodworking tasks.
Activities affecting the surface of the wood, such as debarking, planing, smoothing,
and shallow grooving have been successfully conducted during the experiments but
sometimes lead to the fracture of the valve after several minutes of work—the frac-
ture observed is systematically longitudinal and follows the growth lines. The edge
is frequently fracturing, causing the automatic renewal of its sharpness and reducing
the use-wear’s readability. The use-wear is thus heterogeneously preserved all along
the edge. The shell valves used for the present study are not strong enough for carv-
ing or logging wood effectively. However, further experiments must be conducted
on wood of various densities to more accurately assess the durability and effective-
ness of the shell tools.

Scraping ochre with a retouched valve tool was not significantly effective but, as
already mentioned, it would depend on the relative great hardness of the haematite
nodule that has been worked. It is expected that obtaining ochre from a softer mate-
rial (e.g. shale and mudstone) would be more successful and would produce a better-
developed use-wear.

Resuming and Comparing the Use-Wear
For butchering activities, the use-wear is characterised by a polish showing a greasy

aspect and produces relatively few roundings and striations. The use-wear has a
loose pattern in a general way but can show closer areas when the surface has been
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in contact with bones or fish bony scales. Contacts with bones are more isolated,
while when the valve has been used for scaling, areas of contact are multiple and
distributed on wide surfaces.

The processing of animal skins produces a polish showing a pattern from
narrow to closed and a greasy-grainy texture. Unlike for butchering tasks, we
observe the production of distinctive roundings on the reliefs and the edge of
the valve. Dry skins are more abrasive, producing more rounding and numer-
ous subcircular micro-holes and striations. The latter are thin, long, parallel, and
arranged transversally or obliquely to the edge. Striations are also better devel-
oped when the skin has been worked on flat and hard supports rather than when
laid on a frame. When an abrasive mineral powder such as ochre is added for
cleaning, treating, or colouring the skin, it produces greater rounding and deep
striations of various thicknesses.

The use-wear traces produced by woodworking tasks show significant vari-
ations according to the state of matter of the material worked. Experiments on
fresh bark produce a distinctive use-wear: a continuous facet forms along the
edge. It has a domed profile and shows a fairly closed pattern with a fine-grained
texture and a dull brightness. Farther in the inner valve, the relief is significantly
less affected, showing a more opened pattern and a varnished-like texture. When
the bark is dry, discontinuous domed facets are produced on the edge. The tex-
ture appears scratchier and the brightness is stronger. The reliefs on the inner
valve are more affected, showing a domed and angular aspect. Numerous stria-
tions are also visible, evidencing a transversal motion—they are short, showing
various depths and thicknesses. Planing wood produces more or less discontinu-
ous roundings along the edge but not properly facets such as for debarking. The
roundings are more apparent when the wood is green or soft. Conversely, the
further the wood is dry and hard, the more the edge would fracture, creating
isolated areas where the use-wear is better preserved. The micro-polish is mod-
erately bright and develops on high points of the reliefs close to the edge. The
reliefs are slightly domed and affected by a micro-polish showing a narrow-to-
closed pattern that bears numerous striations—the latter are short, thick, deep,
and parallel. The texture is a bit lumpy and sometimes looks varnished.

The use-wear associated with the processing of vegetal fibres is highly dis-
tinctive, showing a closed pattern, a strong abrasion of the relief, and many stri-
ations. Cutting leaves produces a bright micro-polish and extensive flat surfaces
on the working edge. Indeed, leaves are quite abrasive, and their processing pro-
duces long and deep striations that cut through the reliefs (knife-like striations)
without properly rounding them. It differs from leaf sheath, which is a less abra-
sive vegetal fibre and produces a use-wear showing rounded and slightly domed
reliefs. In the latter case, the striations are less developed and visible, thinner
and shorter than those observed when cutting leaves. The pattern is closed and
pretty unified on valves used for cutting leaves, while more gradual and closer
areas are restricted on the high points of the relief when processing leaf sheath.

In the experiments conducted, the hardness of haematite has caused fre-
quent fractures of the valve edge. The use-wear is not equally preserved on the

@ Springer



Shell Tools and Use-Wear Analysis: a Reference Collection...

working edge despite the great abrasivity of the mineral material worked—as it
is shown by distinctive striations and rounding on areas that have not been frac-
tured. Therefore, the use-wear is organised in isolated areas on the edge of the
valve where the micro-polish has a closed pattern and is crossed by distinctive
striations. The latter are long, thin, and variously deep. As the worked material
is hard, the contact with the working area is limited, and the use-wear is not
developing farther on the inner valve.

Documenting the Ancient Productive Activities

The absence of other functional analyses conducted on lithic and bone material from
Late Prehistoric Arabia is a great lack for the study of shell tooling and its specifici-
ties. A single published use-wear analysis concerns Late Paleolithic (c. 12-8 kyBP)
implements from Southern Oman (Hilbert & Clemente Conte, 2021). The results
highlight the use of burins for transversal woodworking tasks, which could have
been planing or scraping.

So far, the ancient exploitation of wood has been mainly documented as fuel
through anthracological analyses. Results indicate the preferential use of locally
available mangrove wood on the coast, whereas acacia-related trees and the Christ’s
thorn jujube were exploited in the hinterlands (Tengberg, 1998, 2005). Woodwork-
ing tasks are expected to produce shafts and handles used for tooling and weap-
onry—including those used for fishing and hunting (spears, bows, arrows, efc.).
Indeed, experiments show that retouched shell valves are suitable tools for debark-
ing, planing, and carving wood branches. On the other hand, wood can have been
exploited for making furnishings (including frames for processing animal skins)
and architectural elements for housing or boating. For instance, imprints on bitu-
men from Ra’s al-Jinz (Sultanate of Oman) show the use of sewn wood planks for
building boats by 2200 BCE (Cleuziou & Tosi, 2020: 294-295). However, the shell
valves used for the present study are not strong enough to support the greater physi-
cal restraints induced by logging wood or shaping planks. Notably, the localisation
of the use-wear produced by woodworking activities is often hard on shell valves,
especially when the motion is transversal. Because of the hardness of the wood, the
use-wear is restricted on the edge, not developing farther on the inner valve surface.
The observation of this area requires inclining the valve almost vertically (80-90°)
on the microscope stage—with this inclination, the valve sometimes does not fit
within the maximal subject distance allowed by the microscope.

Direct evidence of crafting vegetal fibres is reported not only from imprints left
on bitumen coatings but also from mineralised fragments of baskets, mats, and
ropes—including at Ra’s al-Jinz RJ2 and Ra’s al-Hadd HD6 (Sultanate of Oman) for
the Bronze Age (Cleuziou & Tosi, 2020: fig. 168, 179-180), and at Salut (Sultan-
ate of Oman) for the Iron Age (Bellini et al., 2011). Until recently, date palm fibres
were traditionally used for basketry and making ropes in Eastern Arabia (Crocker
Jones, 1991): analyses from Salut tend to confirm its ancient use. The use of fibres
from other vegetal taxa is little documented in both ethnographical and archaeologi-
cal sources in this region. Shell valves have shown great effectiveness for processing
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vegetal fibres despite a tendency to blunt quite fast. Their use would have involved
either a frequent renewal of the retouched working area or the replacement of the
whole valve. On this basis, shell valves used for processing vegetal fibres are the-
oretically expected to be more numerous among archaeological tooling. However,
experiments conducted on vegetal fibres have provided very distinctive and easily
readable use-wear, which can lead to an overestimation of their importance within
the assemblages.

In coastal Eastern Arabia, the animal economy was based essentially on fishing
and herding during the Neolithic—on hunting as well to a lesser degree (Mashk-
our et al., 2016). The consumption not only of terrestrial and marine mammals, as
well as of some large fish (including tuna, sharks, and rays), would have involved
butchering processes for obtaining pieces of meat ready for cooking—for being
stored, dried, or salted. Cutting tools can consist of either lithic or shell specimens,
but, so far, no functional analysis has been conducted on the material of the region
to document it. The morphological study of cut marks observed on some mammal
bones could help partly to solve this issue. Conversely, up to now, no fish remains
have shown cut marks within faunal assemblages retrieved from Neolithic contexts:
whole fish could have been grilled on coals without beheading, scaling, or fillet-
ing processes (Lidour, 2023). Nevertheless, cut marks are sometimes observed on
material from Bronze Age and Iron Age assemblages, allegedly associated with
preparing preserved fish for regional trade (Lidour et al., 2023). Experiments have
confirmed the effectiveness of retouched shell valves for cutting soft animal materi-
als, including for slicing mammal meat and filleting fish. Paradoxically, butchering
activities would have been one of the main uses of domestic tooling but are expected
to be less documented. It is due to the little development of the use-wear and the
low probability for the latter to be preserved enough on archaeological specimens
to allow observations and descriptions. Therefore, there is a distinctive bias between
evidence of shell tooling use for butchering tasks in ethnographic studies and its
documentation within functional analyses conducted on archaeological material.

Herding and hunting provide edible animal meat and craft materials such as
bones, horns, furs, and skins. Animal skins were globally exploited for producing
a great variety of garments, bags (water bags, churning bags, pouches, efc.), and for
making tents and drums (Crocker Jones, 1991). Furthermore, strips made of leather
can be used for sewing or as threads for making necklaces and bracelets. Therefore,
the exploitation and the use of animal skins are highly expected in Eastern Arabia
since the Neolithic despite the lack of direct evidence. The present study has experi-
mented the use of retouched shell valves for various tasks associated with the pro-
cessing of animal skins: scouring, treating, and softening. The exploitation of ochre
(or in the form of raw haematite) is documented on several Neolithic sites, while no
study has been conducted to precise its uses so far (see Drechsler et al., 2018 for a
review). The production and use of ochre powder to treat animal skins have been
documented in other functional analyses (e.g. Cuenca Solana et al., 2016) and thus
have been experimented with following a prospective approach.
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Conclusion

This paper constitutes the first contribution to the functional analysis of shell tools
in Eastern Arabia. The reference collection that has been built allows the description
of a variety of use-wear traces associated with the processing of animal, vegetal, and
mineral materials. For the present paper, it has been decided to detail the description
of use-wear only for a selection of reference specimens made according to the most
recurrent activities documented in the other functional analyses—especially those
conducted on shell tools. It includes butchering, the processing of animal skins,
woodworking, the cutting of vegetal fibres, and the scraping of ochre. This prospec-
tive initiative is aimed to provide detailed methodological support for the analysis
and the interpretation of use-wear produced on Late Prehistoric shell tools of East-
ern Arabia. This research not only shows that use-wear analysis can be efficiently
conducted in this geographical area but also provides a better understanding of the
management of marine shell as raw material and the retouching processes related to
the manufacture of shell tools.

In that respect, the description of experimental use-wear allows us documenting
new techno-economical aspects of the Late Prehistoric societies in this study area.
Furthermore, the methods and results provided in the present study would also be
helpful for functional analyses intended to concern other shell tools, particularly
specimens made of the valves of other Veneridae species—including C. chione in
Southern Europe. In this sense, the information provided here is also a relevant con-
tribution since these taxa have barely been analysed from use-wear analysis (Cris-
tiani et al., 2005), despite the existence of numerous tool specimens related to the
Middle Palaeolithic chronologies (Romagnoli et al., 2015, 2016, 2017; Villa et al.,
2020).

One of the particularities of the present reference collection is being composed of
shell tools that have been deliberately worked before to be used. We have seen that
the need for an effective cutting edge drives this action. It causes an important modi-
fication of the micro-topography on the active area, creating peaks and crevasses on
which the use-wear develops thereafter. It differs greatly from the use of unworked
shells that has been documented so far in most previous functional analyses based
on reference collections. Somehow, specimens that have been worked tend to show
better how a micro-polish can develop in relief.

On the occasion of the present study, it has been shown that the valves of C.
erycina were more than likely directly collected when washed up on the shore,
whereas specimens of C. umbonella, A. violascens, and Meretrix sp. were poten-
tially available in intertidal substrates. Large valves were preferentially selected, pro-
viding a suitable size to be gripped in hand and a robust ventral margin intended
for being worked. The retouch could have followed different schemes, including the
‘Quina retouch’ documented by Romagnoli et al. (2016) and the ‘flat retouch’ and
the ‘block-on-block’ techniques. Although the latter retouching processes remain
relatively simple, worked shell tools do not consist of expedient (versus curated)
productions according to the definition given by Binford (1977). First observations
on archaeological specimens have shown that shell tools were not ‘task-specific’,
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that they were frequently reworked and reused, and that some examples have been
documented on sites located by tens of kilometres inland (i.e. by the Late Bronze
Age, at Masafi 5) showing anticipation of the tool needs in a geographical context
where they are not locally available. It is conceivable that marine shells would have
been frequently more accessible than suitable lithic resources for most groups living
more or less isolated on the coast. However, it remains to be investigated under what
circumstances shell tools could have been potentially used as a substitute for lithic
specimens such as flint ‘tile knives’. In this sense, Cuenca Solana et al. (2013b: 378)
have suggested the use of Patella shells for highly damaging tasks (scraping ochre)
in order to save more valued lithic or bone tooling in the case of the Gravettian occu-
pation at Fuente del Salin (Cantabria, Spain).

For this reason, further works have to be promoted in the future in this study area,
including on use-wear made on lithic and bone tooling. Further experiments would
be conducted taking more into account the gradual development of the micro-polish
according to the duration of the activities—on the model of Cuenca Solana (2013).
Variations of the working angle during the experiments would be documented more
easily with the systematic use of video recordings. Furthermore, a wider range
of activities associated with the processing of animal skins (or hides) and leather
should be experimented with not only regarding the different stages of cleaning and
treating but also regarding the differences induced by the use of a frame by opposi-
tion to an action completed on the ground or other hard supports. It would be prefer-
able to conduct new experiments not only on sheep skins but also on those of goats,
cattle (Bos sp.), gazelles (Gazella sp.), donkeys (Asinus sp.), and even oryx (Oryx
leucoryx), which counted as other terrestrial mammals consumed in Late Prehistoric
Arabia. Further experiments of butchering activities should also be conducted on
fish species (among others, tuna and sharks) encountered in the study area. Compil-
ing ethnographic records would allow a more complete assessment of the variety of
locally available vegetal fibres that could have been processed and used in the past.
Finally, pottery and plaster vessel production processes must be reconstructed and
experimented with using shell tools.

This first methodological development constitutes a significant advance in the
knowledge of shell tools in this area—a geographic space where these tools played
an essential role within the technological assemblages of ancient fisher-herder
populations.
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